In some developing countries, that section of the population from which miners are recruited is known to be living on a multiple deficient diet. This situation exists in India and the general implications of the diet have been discussed by several workers (Aykroyd and Krishnan, 1937; Mason, Theophilus, and Frimodt-Moller, 1945; Sriramachari, Ramalingaswami, and Patwardhan, 1958) . Miners on this deficient diet show growth retardation and often oedema, depigmentation of the hair, dermatoses, microcytic or normochromic anaemia, and a reduction in blood cholesterol and plasma proteins. Fatty infiltration and, in advanced cases, cirrhosis of the liver also occur. This paper describes experiments on rats designed to determine whether this diet is likely to alter the reaction of the lung to silica dust. In one experiment the rats exposed to silica dust were fed on a diet deficient in proteins, minerals, and vitamins similar to that on which the miners live. Because other workers (Bhuyan, Nayak, Deo, and Ramalingaswami, 1965; Stary, McMillan, and Weigensberg, 1966) have suggested that protein is essential for rapid fibrogenesis, the experiment was repeated on a group of animals on a diet adequate in everything except protein. Because preliminary studies (Chvapil, 1957) over a short term were inconclusive the experiments were continued for at least 180 days.
Materials and methods
Preparation of dust sample Quartz dust below 52 microns particle size was obtained from the Central Glass and Ceramic Research Institute, Calcutta. This sample was chemically pure and contained only faint traces of impurities. A sample containing particles less than 4 IL by number and mass was prepared by repeated sedimentation in distilled water (Zaidi, 1969) . Details of the size distribution and chemical composition of the quartz samples used in the present experiment are given in Table 1 .
Preparation of dust suspension
A weighed quantity of dust was added to physiological saline solution to give a final concentration of 50 mg/ml. The solution was autoclaved in screw-capped bottles at 15 lb for 30 minutes and kept agitated until used. 250 Production of silicotic lesions After 10 days of feeding synthetic diets, the animals were inoculated intratracheally with 1 ml of dust suspension (Zaidi, 1969) 
Histological methods
The lungs were fixed in situ by injecting 10 % formol saline into the trachea which was then tied before the thorax was opened. The lungs were removed intact and suspended in formol saline before longitudinal blocks were taken for routine embedding. Representative 5 it sections were cut and stained with haematoxylin and eosin, silver for reticulin (Gordon and Sweets, 1936) , and alcian blue for acid mucopolysaccharide (Steedman, 1950) . Microincineration was done, wherever indicated (Heppleston, 1963) . Pathological grading of the lesions was assessed according to Belt and King (1945) .
Biochemical
Collagen analysis All the lung tissue, except the portion used for histopathological studies, was dried at 1 10°C. Tissue shavings and the paraffin embedded block was then added to it and the whole was treated thrice with xylene 37°C. The mixture was then again dried till a constant weight was reached. This represented the total dry weight of lungs minus a few sections of 5 ,u thickness. A sample of the dried ground lung tissue was hydrolysed in 6N HCI in a sealed tube and kept for 16 hours at 100°C in a hot air oven. The hydrolysate was neutralized with the theoretical amount of NaOH and diluted as desired for analysis. In these samples hydroxyproline was estimated by the method of Stegemann (1958) . Collagen contents were determined by multiplying the hydroxyproline value by 7-46.
Procedures
Experiment 1 Male albino stock rats were divided at random. Fortyseven were put on the multideficient diet and 40 on stock diet. After 10 days, 25 animals on the deficient diet and 21 on the stock diet were inoculated with quartz suspension intratracheally; the remainder were inoculated with saline. Survivors were kept on their diets and were killed off in batches of four or five in each group at 60, 120, 240, and 300 days from inoculation. Experiment 2 Male albino rats were divided at random and 51 were put on the low protein diet and 44 on the high protein diet. After 10 days, 25 animals on the low protein diet and 23 on the high protein diet were inoculated intratracheally with dust suspension; the remainder were inoculated with saline. Survivors were kept on their diets and killed off in small batches at 30, 60, 120, and 180 days from inoculation.
Results
Appearance, weight changes, and mortality The animals on the multideficient diet (Expt 1) maintained their weight gain well for two to four months ( Fig. 1) , then levelled off and finally lost weight when compared with those fed on the stock diet. Dryness of the fur, thinning, and alopecia developed and became progressively worse in the deficient animals but the stock diet group remained in good condition in spite of the dust inoculation.
In experiment 2, the animals lost weight on the low protein diet throughout the experimental period whereas those on the high protein diet gained throughout. The low protein group showed more marked loss of hair than those in experiment 1 on the multideficient diet in spite of the shorter duration of experiment 2. The animals on a high protein diet appeared normal and dust inoculation had no outward effect on either group.
A certain number of animals died immediately after the inoculations and there were further deaths during the course of the experiments. Details are given in Table 3 . Because of autolysis it was not possible to determine the cause of the deaths which occurred later. There was no macroscopic abnormality in the lungs due to diet alone and diet had no influence on the macroscopic appearance of the dust collections.
Examination of the other organs showed no abnormality apart from atrophy of the spleen in animals on the multideficient diet.
The results of the application of the Belt and King (1945) method of grading silicotic fibrosis are shown in Table 4 . These indicate that diet had little effect on the development of fibrosis in either experiment. The general appearance of the nodules is shown in Figs 2 and 3. The more detailed histological findings are given below.
Microscopic In experiment 1, at 60 days the silica inoculated animals on the multideficient diet showed thickening of the interalveolar septa and marked macrophage reaction. Clusters of macrophages were seen occupying the alveoli adjacent to respiratory bronchioles. The macrophage clumps either occupied the whole of the alveolar lumen or formed a mass in the centre of an alveolus with a clear space around. At many places the macrophages had undergone degeneration and such foci contained a mass of cytoplasm and a few nuclear remnants. On silver impregnation there was proliferation of tiny reticulin fibres in the interalveolar septa. After 120 days, the dust cell aggregates were bigger but their situation was similar to that observed at 60 days; intra-alveolar aggregation of macrophages was less clear cut. Alveoli remote from respiratory bronchioles and alveolar ducts were mostly free of any cellular material. The macrophages when observed singly were PAS positive. The reticulin fibres were thicker and arranged in a compact network in the nodules. The alveolar walls also exhibited increased proliferation of reticulin fibres. The alcian blue positive materials were in larger quantities than had been observed previously.
After 240 days the size of the nodules had increased still further and they occupied large areas of lung parenchyma. The nodules at this stage contained only a few macrophages but large numbers of fibroblasts. Silver impregnation showed that the cellular nodules were composed mostly of collagen fibres among which there were a few reticulin fibres. Proliferation of reticulin in the alveolar septa was very slight. There were no alcian blue positive deposits anywhere in the lung tissue. The individual macrophages were PAS positive.
The fu'rther development of the disease process In the lungs of silicotic animals which were fed stock diet the pathological changes were similar to those fed multideficient diet. Comparing two series of sections, one from lungs of silicotic rats fed with the stock diet and another from lungs of silicotic rats fed with the multideficient diet, it was not possible to decide by any criterion or with any degree of accuracy which diet produced more intensive silicosis or a greater degree of collagenization. Control animals did not reveal any comparable changes in the lung tissue.
The livers of rats fed multideficient diet revealed marked changes which first appeared at 120 days in the form of mild rarefaction of the cytoplasm of the hepatic cells. With the lapse of time these changes increased and at the end of the experiment, the nuclei of the cells were pushed towards one side against the cell membrane in the periportal region. Rats fed with the stock diet did not reveal any abnormality.
In experiment 2 the animals on a low protein diet, examined at 30 days after inoculation, showed intra-alveolar phagocytic cells containing quartz particles. The cells aggregated in clumps both in alveoli situated adjacent to alveolar ducts and respiratory bronchioles and sometimes in alveoli remote from these structures. A large number of free macrophages were also seen in the alveoli. When free, the cytoplasmic outline of the cells was clear, but in the aggregates it was not visible. Silver impregnation revealed thickening of the alveolar septa at regions where cellular aggregations were present. Invasion of the cellular aggregates by argyrophilic fibres was limited. Alcian blue positive material was present at the site of cellular aggregates which were shown, by microincineration and dark field examination, to contain clumps of silica dust. At 60 days the number of free macrophages was considerably reduced and more silicotic lesions tended to be located in the vicinity of respiratory bronchioles and alveolar ducts.
From this stage, the changes were indistinguishable from the findings in experiment 1. The silica inoculated animals fed on a high protein diet were indistinguishable from those fed on a low protein diet. The control group in experiment 2 showed no abnormality.
Biochemical changes
The mean values and standard errors of the total dry weight of the lungs in the two experiments and the total and percentage collagen contents are given in Tables 5, 6 , and 7.
Compared with the controls, the animals inoculated with silica dust showed a progressive increase in total dry lung weight and in collagen content at all stages in both experiments. The increase was statistically significant (P < 001) in all instances and occurred whether the animals were fed on stock diet, on multideficient diet or on a high or low protein synthetic diet. In both experiments there was no significant difference between the gains observed in the deficient and non-deficient diet animals.
The control animals, not inoculated with silica dust, showed a much more gradual increase with age in total dry lung weight and total collagen content. The percentage collagen content tended to fall in these groups. There was no significant difference in either experiment between the deficient and non-deficient control animals.
Discussion
Many previous workers have investigated the effect of protein deficiency on collagen formation. Thompson, Ravdin, and Frank (1938) observed that the laying down of collagen fibres was diminished in the wounds of dogs severely depleted of proteins. Kobak, Benditt, Wissler, and Steffee (1947) confirmed this observation in rats and further observed a decrease in the maturation rate of fibroblasts. Chalkey, Algire, and Morris (1946) observed that, in the wounds of protein depleted mice, the appearance of new vascular buds-was retarded. Findlay and Howes (1952) noted that the initial appearance and formation of granulation in healing wounds was not retarded unless the animals lost 20% of body weight by starvation and by protein depletion. Pearce, Foot, Jordan, Law, and Wantz (1960) reported a decrease in the fibroblastic proliferation in the healing of experimental wounds in animals fed on a protein depleted diet. Morrione (1949) studied the effects of various dietary regimes on hepatic fibrosis produced in rats by carbon tetrachloride and demonstrated a significant disappearance of fibrous tissue in those rats fed on a diet low in proteins. This was confirmed in 1958 by Sriramachari, who also stated (1960) that there were electron microscopic abnormalities in the collagen fibres formed by protein depleted rats. In experiment 1, the diet was not only deficient in Bhuyan and his colleagues (1965) observed that lack protein but also in essential amino acids and various of fibrosis in hepatic cirrhosis induced by carbon minerals and vitamins. This diet did not impede tetrachloride in protein deficiency was due to the the collagen response to silica dust in any way, as failure of mesenchymal response, with poor fibro-shown by both histological and biochemical studies blastic growth.
at various intervals up to 300 days after inoculation. It has been suggested that sulphomucopolysaccharides are essential for collagen fibre formation (Layton, Frankel, Sher, Scapa, and Friedler (1958) . Dunphy, Udupa, and Edwards (1956) King, Maguire, and Nagelschmidt (1956) believed that the excess production of collagen in silicosis may be responsible for an increase in lung dry weight. In our experiments under conditions of malnutrition, an increase in lung weight was noticed quite early and at a time when only a small increase in collagen formation could be detected either histopathologically or biochemically. An increase in the water content of silicotic lungs has also been held responsible for increased lung weight (Antweiler, Baumann, and Schiller, 1962) . In the present investigations this cannot account for the increase in the lung weight as the lung was weighed dry. It therefore seems more probable that other factors such as an increase in lipid content may have contributed either singly or jointly to an overall increase in the dry weight of the lungs (Marks and Marasas, 1960) .
In our experiments inability to observe any retardation of fibrosis under conditions of malnutrition may not be due to the slow turnover of collagen for the development of the nodule but to a peculiar environment provided by the lungs. Hruza and Fabry (1957) observed that the amounts of collagen in the liver decreased whereas that in the lungs increased during prolonged caloric undernutrition. The embryological and morphological differences are perhaps important in the laying down of collagen in certain conditions of pathological fibroplasia. This may also be true in the collagen synthesis of the silicotic nodule (Gross, 1967) .
Conclusion
There is no evidence from these experiments that malnutrition among miners in India is likely to protect them from the pulmonary fibrosis produced by silica dust inhalation or to increase their susceptibility to silicosis. 
